Bisphosphonates inhibit bone resorption and are used to treat a range of pathologies, including Paget disease, osteoporosis, multiple myeloma and metastases associated with breast or prostate cancer. At present, there is no effective treatment for bisphosphonate induced osteonecrosis, so prevention is extremely important. Since quality of life deteriorates for those suffering osteonecrosis, maximum precautions should be taken with patients at risk, and especially whenever oral surgery, including dental implant placement, is contemplated. Dentists and oral or maxillofacial surgeons must keep up to date with the latest approaches to prevention, particularly when treating patients who are presently taking, or who will be taking bisphosphonates and are also candidates for dental implants.
Introduction
Bisphosphonates are a group of drugs that inhibit bone resorption. They act on osteoclasts, inhibiting chemotaxis, cutting osteoclast lifespan, slowing their activity and inducing apoptosis. There are important differences between bisphosphonates administered intravenously and those taken orally. Intravenous bisphosphonates are used to reduce bone pain, malignant hypercalcemia, skeletal complications suffered by patients with Paget's disease or myeloma and for the treatment of bone metastasis derived from various cancers (1) . Oral bisphosphonates are used for the treatment of osteoporosis, Paget's disease and imperfect osteogenesis ( Table 1 ). The nuclear structure of bisphosphonates consists of two phosphate groups joined by a single carbon atom (2) . Bisphosphonates that include a nitrogen molecule in their bioactive structure are more powerful. They accumulate in maximum concentration in the osseous (1) claim that for patients taking bisphosphonates, osteonecrosis seems to be related to a lack of vascular supply in combination with a lack of bone remodeling and regeneration. Other factors which seem to influence the occurrence of osteonecrosis in maxillary structures (but not in other osseous structures) are that the maxilla receives an increased blood supply and shows faster osseous remodeling due to the everyday masticatory action of the teeth. Two other relevant factors may be that mandibular arteries are terminal arteries and that there are a large number of pathologies of dental origin that require dental treatments that then have repercussions for maxillary and mandibular bone.
Materials and Methods
A bibliographic search was carried out using Pub-Med ending in October, 2008. The search terms used were: oral bisphosphonates, dental implants, osteonecrosis, maxillary/maxilla. The objective of this article was to produce an updated bibliographic review of dental implants in patients undergoing treatment with oral bisphosphonates.
Results
Since 2003, when Marx (4) published a series of thirtysix cases of osteonecrosis associated with bisphosphonates, numerous studies have been carried out which relate the occurrence of osteonecrosis in maxillary structures, mainly the mandible, associated with intravenous bisphosphonates following oral surgery, mainly exodontias (1, (4) (5) (6) (7) (8) (9) . However, the topic of the present review is the incidence of osteonecrosis related to dental implant placement in patients undergoing treatment with oral bisphosphonates; our findings are shown in table 2.
Discussion
Administering bisphosphonates orally to post-menopausal women for the treatment of osteoporosis is fairly frequent nowadays. Nevertheless, the literature includes only a small number of cases of maxillary osteonecrosis following surgery in the buccal cavity of patients taking oral bisphosphonates (1,7) . The length of treatment with these drugs would appear to be a relevant factor, as the cases of osteonecrosis described occur in patients taking the drug for more than three years. Grant et al. (10) have described a series of 115 cases, of which eightynine took bisphosphonates orally prior to implant surgery and thirty-three of them for more than three years. No cases of osteonecrosis appeared and there were only two implants that failed to osseointegrate; of these, one patient had taken oral bisphosphonates for four years preceding surgery. Of the 115 patients, thirty-two of them were given sinus lifts, and six of these patients were on bisphosphonates for more than three years prior to surgery. Bell et al. obtained similar results published in an article that describes a series of 101 implants in forty-two patients; not a single case of osteonecrosis occurred but five implants failed in five different patients. Three of these five patients had taken bisphosphonates for more than three years. Nevertheless, four of these patients had received other implants at the same time which osseointegrated successfully. Of sixty-eight bone grafts carried out, there was only one failure. Of the sixty-one patients treated with 169 implants by Fugazzotto et al. (12) with an average bisphosphonate medication period of 3.3 years, there was one case of bone exposure of the torus around a post-extraction implant, which closed spontaneously after four weeks. Jeffcoat (13) found that, of 102 implants in patients taking bisphosphonates over periods ranging between one and four years (average 3±0.1 years) before surgery, not a single implant was lost. There was no occurrence of osteonecrosis and no significant differences were found when results were compared with a control group who did not take the drug. Nevertheless, Wang et al. (14) published a case of five mandibular implants in a patient who had been taking alendronate orally for over ten years, producing an osseous defect with necrosis around one of the implants six weeks after surgery; Marx et al. (15) also found two cases of osteonecrosis resulting from implant surgery in patients who had taken bisphosphonates orally over periods of more than three years. Recommendations published by the American Dental Association (16) warn that the placement of dental implants or guided bone regeneration involves an increased risk of osteonecrosis in patients undergoing treatment with oral bisphosphonates. Gomez et al. (17) state that generally, given the lack of research and the controversy surrounding dental implants for these patients, it is better to avoid them altogether along with all other types of oral surgery; Minguez-Serra et al. also propose avoiding surgery except in cases of absolute necessity. Bagán et al. (18) have published a series of recommendations for the prevention of osteonecrosis for patients with cancer who take bisphosphonates intravenously. The Spanish Society of Oral and Maxillofacial Surgeons elected a committee of scientists to produce a consensus document (19) on diagnosis, prevention and treatment of maxillary osteonecrosis induced by bisphosphonates. The American Association of Oral and Maxillofacial Surgeons do not contraindicate dental implant placement in patients who have been taking bisphosphonates orally for under three years prior to surgery providing they do not present other risk factors such as medication with corticosteroids or advanced age (over seventy years). After three years treatment with the drug it would appear advisable to cease medication for a minimum of three months before carrying out any kind of surgical intervention in the oral cavity after which the drug can be administered again once the surgery has completely healed. In the case of dental implants, a minimum of three months after surgery is recommended before the medication can be administered again. However, in the literature reviewed, most texts described implant placement in patients who had taken bisphosphonates orally for more than three years without any cases of osteonecrosis occurring, with the exception of a single case in which necrosis around two implants was observed radiologically and the two cases described by Marx et al. (15) . In these retrospective studies, the patients who had been receiving the medication for over three years did not stop taking it, probably because they were treated before the findings of these panels of experts were published. Marx et al. (15) recommend a blood test, the serum Cterminal telopeptide test (CTX) on an empty stomach, in order to evaluate the risk of osteonecrosis in patients who have been administered bisphosphonates for longer than three years. Values obtained that are greater than 150 pg/mL permit any kind of surgery to be performed with minimum risk and without needing to suspend medication. When values lower than 150 pg/mL are obtained, then medication should cease for a period of between four and six months or an alternative treatment option involving other types of prosthesis should be sought. Nevertheless, Bágan et al. (20) did not find a significant relation between this test and the number of exposed osseous areas or the size of necrotic areas in cancer patients treated intravenously with bisphosphonates.
Conclusions
It is necessary to carry out a greater number of longitudinal studies of implant placement in patients taking bisphosphonates orally in order to determine the safety of this procedure for this group of patients. More scientific evidence is also required in order to validate CTX testing as a technique for the prevention of osteonecrosis for these patients and therefore the introduction or nonintroduction of this test into pre-surgical protocols.
